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Abstract In order to determine whether the distinctive damages on butterfly 
wings, so-called “beak marks”, were inflicted only by birds’ attacks, an experiment was 
carried out in the laboratory using butterflies of the genus Pieris as subjects. Control 
butterflies were put in a cage with branches as obstacles and were allowed to fly freely, 
while experimental butterflies were subjected to predatory attacks of caged birds 
(Varied Tits, Great Tits and Bush Warblers). The wing damages of both samples 
were then analyzed. It was concluded that large damages, especially large symmetrical 
damages, resulted only from birds’ attacks, although not all symmetrical damages 
were caused by birds’ attacks. 


Introduction 


Wings of adult butterflies and moths are very fragile and break easily by rough 
handling, but in nature they sometimes leave traces of attacks by some insectivorous 
predators such as birds and lizards. Wild-caught samples of butterflies and moths 
often have distinctive wing damages such as symmetrical notches or missing parts torn 
off linearly. Such damages, so-called “beak marks”, have been considered indirect, 
but strong, evidence of actual attack by birds (BENSON, 1972; CARPENTER, 1935, 1941; 
Matsul, 1983; ROBBINS, 1980, 1981; SARGENT, 1973; SMITH, 1979; STERNBURG et al., 
1977). 

Although it seems undoubted that such damages result only from the predators’ 
attacks, there is no experimental study that has shown this fact except SARGENT’s (1973) 
work using Catocala moths and blue jays. In the present study I carried out an 
experiment to determine whether distinctive wing damages of butterfly stemmed not 
from sharp obstacles occurring in nature, but from attacks by birds. 


Materials and Methods 


Butterflies 


The butterflies used for this study were adults of three species belonging to the 
genus Pieris (Lepidoptera: Pieridae), P. rapae crucivora, P. melete and P. napi japonica. 
Butterflies with no or little damage on their wings were collected in nature, or were 
obtained from pupae reared in the laboratory. Of 173 butterflies used in this study, 
only 7 individuals were P. melete and 2 were P. napi. Although these three species 
were known to be slightly different in behavior (OHSAKI, 1980), this posed no problem 
for the experimentation. 
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Control Samples 


One hundred and sixteen butterflies were used as the control samples. Five to 
10 individuals per test were put in a wire-net cage (25 x 30 x 37 cm) and provided with 
a dilute solution of sucrose as food and dead branches as obstacles. Butterflies were 
allowed to fly freely in the cage until they died in several days with a range of 1 to 8 
days. The dead butterflies were collected every day for analysis of wing damages. 


Experimental Samples 


Fifty-seven butterflies were subjected to the attacks of three species of insecti- 
vorous birds. Three Varied Tits (Parus varius), 4 Great Tits (Parus major) and 3 Bush 
Warblers (Cettia diphone) were used and each bird was kept in an individual cage. This 
cage was slightly larger (40 x 40 x 45 cm) than control one. 

In each experimental trial one butterfly, weakened by pressing its thorax so that it 
could not move swiftly, was introduced into the bird cage. When the bird attacked 
the butterfly, the bird was given 20 seconds as “handling time”. Then the attacked 
butterfly was taken out for analysis of wing damage. If the butterfly was not attacked 
by the bird, it was taken out 3 min after introduction to the cage. Then the wing 
damages of these samples were analyzed. 


Recording of Damages 


The damages to butterfly wings in both control and bird-attacked samples were 
analyzed and the data recorded as to: (1) positions in wings in which the damage was 
present, and (2) type of the damage. 

The outer margins of fore- and hindwing were divided into five regions (Fig. 1) 
for recording the damage positions. All damages were categorized into four types 
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Fig. 1. Five regions of the wing margins used in recording the position of damage. 
The left wings of an adult Pieris rapae are shown. 
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Fig. 2. Types of wing damage. SS: Smali symmetrical damage. LS: Large symmetrical 
damage. SA: Small asymmetrical damage. LA: Large asymmetrical damage. 


(Fig. 2). Symmetrical damage (“SS” or “LS” in Fig. 2) on right and left wings was 
counted as one occurrence. 


Results and Discussion 


Table 1 shows the number of individuals with and without damages in both 
control and bird-attacked samples. Since there are some reports that tits differ in 
feeding habits from other birds (e.g., ALCOCK, 1971), the samples attacked by tits 
(Varied Tits and Great Tits) and Bush Warblers are shown separately. Four butterflies 
given to Bush Warblers were not attacked, probably because those butterflies were 
presented in the early stage of the experiment. The remaining 53 butterflies were all 
attacked by tits and warblers. 


Table 1. Number of butterflies with and without damages in the control 
and two experimental samples. 











With damage Without damage Total 
Control? 68 48 116 
Tit-attacked® 32 0 32 
Warbler-attacked* 21 4 25 





a: Free-flying in the cage. b: Given to Varied- and Great Tits. c: Given to 
Bush Warblers. 


A total of 106 damages in the contro] samples, 78 in the tit-attacked samples and 
53 in the warbler-attacked samples was counted. Distribution of number of damages 
by wing regions and by damage types are shown in Tables 2 and 3, respectively. In 
Table 2, significant differences in the distribution pattern were detected between control 
samples and both bird-attacked samples (P<0.001 in both comparisons, by x?-test). 
Most of the damages in the control samples were in the F1 region, the upper half of the 
forewings, while bird-inflicted damages were seen predominately in regions Fl, F2 
and H2. However, it is impossible to judge with certainty whether damage on butter- 
fly wings has resulted from a natural obstacle or from an attack by a bird, only by 
considering the region of damage on the wing. It is more appropriate to analyze the 
type of damage. 
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Table 2. Distribution of the number of damages by region of wing margins (see Fig. 1 











for code). 
Region of wing margins x’-test 
— Total 
Fl F2 Hi H2 H3 Comparison x? 
(1) Control 67 10 6 14 9 106 (1) vs. (2) 37.11° 
(2) Tit-attacked 31 22 1 17 7 78 (1) vs. (3) 47.29° 
(3) Warbler-attacked 18 18 2 14 1 53 (2) vs. (3) 0.61° 








a: P<0.001. b: Not significant (P>0.05). 


Table 3. Distribution of the number of damages of four types. 








SS LS SA LA Total 
(1) Control 22 1 73 10 106 
(2) Tit-attacked 6 16 25 31 78 
(3) Warbler-attacked 4 18 12 19 53 





SS: Small symmetrical damage. LS: Large symmetrical damage. 
SA: Small asymmetrical damage. LA: Large asymmetrical damage. 
(see Fig. 2). 


Table 4. Comparisons of the types of damages. 
(a) symmetrical vs. asymmetrical damages. 


























Damages x?-test 
Symmetrical Asymmetrical Comparison r 
(1) Control 23 83 (1) vs. (2) 1.04° 
(2) Tit-attacked 22 56 (1) vs. (3) 6.83 
(3) Warbler-attacked 22 31 (2) vs. (3) 2.51° 
(b) small vs. large damages 
Damages 7?-test 
Small Large Comparison x 
(1) Control 95 11 (1) vs. (2) 51.73° 
(2) Tit-attacked 31 47 (1) vs. (3) 59.22° 
(3) Warbler-attacked 16 37 (2) vs. (3) 1.24°¢ 





(c) large symmetrical vs. other types of damages 











Damages y?-test 
cme Others Comparison x? 
(1) Control 1 105 (1) vs. (2) 20.56° 
(2) Tit-attacked 16 62 (1) vs. (3) 36.78° 
(3) Warbler-attacked 18 35 (2) vs. (3) 2.96° 








a: P<0.01. b: P<0.001. c: Not significant (P>0.05). 
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The data of Table 3 were arranged in three ways according to the following criteria 
of comparison: (1) symmetrical vs. asymmetrical damages, (2) small vs. large damages 
and (3) large symmetrical vs. other types of damages. Table 4 summarizes the results 
of these three kinds of comparisons. In the comparison between symmetrical and 
asymmetrical damages (Table 4a), a significant difference was detected only between 
control and warbler-attacked samples (P<0.01, by y?-test), and no difference was 
detected between control and tit-attacked samples (P>0.3). However, striking 
differences were detected between control and both of bird-attacked samples in the 
comparison of damage size (small vs. large damages, Table 4b), and the same results 
were obtained from the comparison between large symmetrical damages and others 
(Table 4c). In all three comparisons there was no significant difference between the 
samples attacked by tits and warblers (0.05<P<0.3, by y?-test), suggesting that the 
difference in feeding habits observed between tits and warblers (JoHKI & HIDAKA, in 
prep.) did not have an important effect on the shape of damage by bird’s beak. 

From these results, the following conclusions are drawn. First, symmetrical 
damage is not exclusively inflicted by birds’ attacks. There were 22 small symmetrical 
damages in the control samples (Table 3), which suggests that symmetrical damage, if 
it is small, is likely to stem from collisions with obstacles occurring in natural conditions. 
This result differs from that of ROBBINS (1980), who confined lycaenid butterflies in an 
out door net cage with sharp obstacles, but could find no symmetrical damages on the 
wings of those butterflies. However, he might have regarded only large symmetrical 
damages as “symmetrical”. 

Second, most large damages result from birds’ attacks (Table 4b), and especially, 
large symmetrical damages. There was only one exception (Table 4c), and this 
exceptional damage, however, appeared somewhat asymmetrical. There was no clear, 
large symmetrical damage in the control samples. 

Conclusions obtained from this study should be applicable to field studies on the 
ecology and behavior of butterflies. As described in the Introduction, there are several 
reports of wing damages in wild-caught butterflies, and the conclusions of my study 
provide experimental evidence that distinctive “beak marks” result from birds’ attacks. 
However, caution is necessary, because the incidence of “beak marks” on butterfly 
wings does not always reflect the intensity of bird predation, as EpMUNDs (1974) has 
pointed out. More detailed field observations and careful mark-and-recapture studies 
as by BENSON (1972) and Rossins (1980, 1981) are needed. 
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-R (CBE BMRB BS LOMAS ICKRESNCOBNKES, WMV FRORMRPMNIAS (beak 
mark) PASC ACNKEBCEZEBASNTWSD, COLDUMEBROKBYUNAORWCE UTS 
ODED PE SARRIT KY HN. 

ERS Pieris BO3 MOF ad (EYYUF ay, AYTFUF avy, DVAYT UVF ay) ZRO 
X. BPA CHALREORE, AZWISENTHDPSAILALKbOX, MRC CORZMARELK 
F-VZICANTHAHICRUMS¢KREDEMIK, VOW F °YVAIAFZ *YUTAADZBORBICH 
ATHBSHKESEOLZFZRBKELT, WITLOF a v OMIOUKBARMS, HB. 

COKER, NSUWMELRRK > SRK ESSOVY Paco RoN, KARE, CKS 
WHEL ROW ICh o TOARRE UD Z EBEDE ok. 
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